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UV LED CURING APPARATUS WITH
IMPROVED HOUSING AND SWITCH
CONTROLLER

CROSS REFERENCE TO RELATED
APPLICATIONS

The present application 1s a continuation of U.S. appli-
cation Ser. No. 14/634,246 filed Feb. 27, 2015, which 1s a
continuation of U.S. application Ser. No. 12/779,779 filed
May 13, 2010, the disclosures of which are each hereby
incorporated herein by reference 1n their entireties.

FIELD OF THE INVENTION

The present invention relates to an ultraviolet (UV) curing
apparatus, and more particularly, to an UV light emitting
diode (LED) curing apparatus utilizing an UV LED light
source for solidifying an acrylic gel applied onto the nails of
human fingers and toes 1 multiple at once and as well as
those of animal pets.

BACKGROUND OF THE INVENTION

As solid state lighting or LED lighting 1s being widely
adapted 1n various applications of lighting and 1s becoming
one of the great solutions to a greener world. Among various
types of LED, a new family of LED capable of emitting UV
radiation or light 1n a shorter wavelength than the visible
light, also known as UV LED, has been developed for
industrial applications.

Despite the fact that UV rays can be harmiul to the health
of human 1n general since UV 1s more energetic than visible
light and i1s therefore more dangerous, UV has 1ts unique
application 1n the mdustry. Certain industrial applications
utilize UV rays for curing a specific liquid and such usage
of UV has shown merits 1n printing techniques and creating
of protective layers on industrial products. Conventional UV
lamps have also been used to curing an acrylic liquid or gel
in cosmetic applications to facilitate the creation of nail arts
and nail protections.

Known UV devices for curing a specific UV hardening
gel generally utilize traditional UV lamps and bulbs. U.S.
Pat. No. 4,731,541 “Ultraviolet Light for use in Setting Gels
for Artificial Fingernails” to Shoemaker discloses a UV
device using traditional UV lamps for creating a protective
layer on human hand nails by exposing the UV hardening
gel coated on the nails under the lamp while allowing human
hands to rest within the housing. U.S. Pat. No. 5,130,551
“Nail Drying Apparatus” to Nafzigar et al. adopts similar
concepts of UV hardening gel and traditional UV lamps but
with an improved design capable of receiving both the
human hand and toe nails. U.S. Pat. No. 6,518,383 “Optical
Exposure 1n particular a Table Lamp for Hardening Light-
Hardening Gel 1n the courses of Fingernail Treatment™ to
Henning discloses a UV device for human hands that also
utilizes traditional UV lamps but by using more UV bulbs,
the UV lighting area 1s therefore increased to cover multiple
fingernails at once. U.S. Pat. No. 6,762,425 “Portable
Device for Curing Gel Nail Preparations™ to Strait discloses
a UV device for curing gel applied to the nails of both human
hands and feet and as the UV compartment and lamps are
designed specifically to treat both hands and feet received
therein, Strait 1s able to harden the UV hardening gel applied
to not just the nails of fingers but also toes at once.

One major concern to the use of such UV devices with
human hands or feet 1s the hazard of having human skin
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exposed to UV rays under these traditional UV lamps or
bulbs of the devices for a short or long period of time that

may lead to undesirable skin cancer 1 a long run. Such
hazard 1s also known to be closely related to the fact that
traditional UV lamps typically emit three types of UV light
in reference to skin protection and these are UVA, UVB, and
UVC. Among the three rays, UVC 1s the most damaging and
1s the most energetic of the three types.

Furthermore, illuminating devices utilizing high power
LED module, including UV LED module, shall provide a
desired i1llumination onto a region covering for example
multiple fingers or toes all at once while preventing unde-
sirable UV light escaping out of the apparatus such that an
UV hardening gel may be cured by the UV light effectively
and safely.

In view of the foregoing, 1t 1s desirable to provide a UV
curing device capable of overcoming the drawbacks of the
known arts while providing a green solution to the environ-
ment with a greater safety to humans. Furthermore, 1t 15 also
desirable to provide an UV curing device to facilitate the
creation of nail arts and nail protections and 1n particular, an
UV curing device capable of curing the nails of multiple
fingers or toes all at once safely and eflectively.

SUMMARY OF THE INVENTION

In order to overcome the shortcomings described above,
one aspect of the present invention 1s to provide an UV LED
curing apparatus capable of curing an UV LED hardening
gel such as an acrylic gel by soliditying the gel from liquid
to solid state with high safety and reliability.

Another aspect of the present invention 1s to provide an
UV LED curing apparatus with an improved mechanical
housing and lighting structure capable of providing both
ellective heat dissipation to high power UV LED modules
utilized therein and proper retlection of UV light shone
therefrom to cover a desired illumination area.

Still another aspect of the present invention 1s to provide
an UV LED curing apparatus integrated with an enhanced
clectrical control including electronic components such as
photo interrupter or photo sensor, timer and current regula-
tor, capable of triggering and controlling the on-ofl state of
the UV LED curing apparatus of the present invention
automatically and efliciently.

A Turther aspect of the present invention 1s to provide an
UV LED curing apparatus having a detachable outer casing
capable of facilitating heat dissipation and air flow therein
while allowing a greater user interaction to the selection and
moditying of the outer appearance of the apparatus as both
a decorative and protective means.

In one embodiment of the present invention, the UV LED
curing apparatus comprises a light reflective nner casing
enclosing an mner chamber or curing chamber having at
least one front opening facing on a front side of the appa-
ratus, an outer casing detachably attached to the inner
casing, an UV LED light source comprising at least one UV
LED module attached to the inner casing and having a light
emitting side facing toward the inner chamber thereof, a
switch controller comprising at least one button and a
substrate, attached to the 1ner casing and electrically con-
nected to the UV LED light source. The substrate of the
switch controller 1s preferably integrated with a timer and a
current regulator electrically connected to a photo interrupt
module. During the operation of the apparatus, the switch
controller controls an on-ofl state of the UV LED light
source with reference to a first mput signal received from
and triggered by said photo interrupt module to turn on the
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UV LED light source and with reference to a second input
signal received from the timer and the current regulator to
turn off the UV LED light source. In other words, the UV
LED curing apparatus of the present invention may be
triggered to an on-state automatically to shine UV light onto
an external object, such as multiple fingernails or toenails
applied with an UV hardening gel all at once, 1n the 1mner
chamber of the inner casing and may too be switched to an
ofl-state automatically by the timer as a preset curing time
lapses, such that the UV hardening gel on the nails may be
cured or solidified automatically.

As the UV LED of the present mvention may be of a
selected range and may be controlled by the switch control-
ler automatically, the UV LED of spectrum between 360 nm
and 460 nm may preserve the safe use of UVA and UVB
rays, UVA 1in particular, on human fingers and toes while the
UV exposure time may too be optimal. y set for less than or
equal to 30 seconds providing a safe, eflicient and automati-
cally-triggered curing of UV hardening gel on the nails of
multiple fingers or toes all at once.

To allow greater user interaction and as a protective
means, in one embodiment of the UV LED curing apparatus
of the present invention, the outer casing may be configured
to be detachably attached to the mner casing via any one of
the following fixation means including screws, bolts and
magnets, such that user may replace diflerent outer casing
with desired or prefabricated shapes for decorative and
entertainment purposes. In addition to being a protective and
decorative means, 1n another embodiment, the outer casing
may further comprise at least one heat dissipating means,
such as a rotary fan, electrically connected to the switch
controller of the apparatus for further heat dissipation of the
abovementioned inner casing and the UV LED light source
attached thereon.

In another embodiment of the present invention, an UV
LED curing apparatus of the present invention comprises a
housing having an mner casing enclosing an inner or curing,
chamber having at least one front opening and an outer
casing detachably attached to the inner casing, a reflector
attached to the inner casing and comprising a plurality of
light reflective planes angled from one another and a plu-
rality of apertures formed thereon, an UV LED light source
comprising at least one UV LED module athixed to the inner
casing and positioned within the plurality of apertures of the
reflector facing toward the mner chamber of the housing, a
switch controller attached to the nner casing near a rear side
of the housing opposite to said front side thereof and a power
supply electrically connected to the UV LED light source
and the switch controller, enclosed by the outer casing. The
switch controller further comprises a photo interrupt mod-
ule, a timer and current regulator electrically connected to
cach other and to the UV LED light source to control an
on-ofl state of the UV LED light source with reference to a
first 1nput signal received from and triggered by said photo
interrupt module to turn on the UV LED light source and
with reference to a second input signal received from the
timer and the current regulator to turn off the UV LED light
source. In addition, the retlector attached to the inner casing
of the housing and fitted to the inner chamber therecon may
too direct and reflects UV light emitted from the UV LED
light source within the 1nner chamber thereof while prevent-
ing the undesirable escape of the UV light out of the 1mner
chamber and providing a wide angle of 1llumination, pret-
erably covering an entire zone of such as a semi-sphere.

The abovementioned switch controller may allow the
apparatus to have at least three modes of operation: standby
mode, active mode and curing mode. Firstly, the switch
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controller may be activated from a standby mode to an active
mode such that the photo interrupt module thereof 1s ready
for transmitting the first input signal. As the switch control-
ler 1s being activated to the active mode, it may remain
active for a predetermined period of active time, for example
30 minutes, such that the photo interrupt module 1s ready to
send said first mput signal to the timer and the current
regulator thereof to turn on the UV LED light source and to
switch to the curing mode automatically. As the switch
controller 1s at the curing mode and the UV LED light source
1s turned to an on-state after a predetermined period of
curing time, for example 30 seconds, the switch controller 1s
switched back to the active mode and the UV LED light
source 1s turned to an ofl-state automatically. Lastly, as no
further mput signal 1s received from the photo interrupt
module after the abovementioned active time during the
active mode, the switch controller 1s returned to the standby
mode for activation again to the active mode.

For greater portability of the apparatus of the present
invention, 1 one embodiment, the UV LED curing appara-
tus may further comprise a portable power supply, such as
rechargeable battery, electrically connected to the switch
controller and the UV LED light source. In addition, the
switch controller may also comprise a pulse-width modula-
tion/PWM to enhance the control of the UV LED light
source.

The foregoing summary recites preferred embodiments of
the present mvention and 1s for illustrative purposes.
Embodiments of the present invention may be implemented
in various different ways and shall too be considered as part
of the present mvention within its scope. Details of the
exemplary embodiments of the present invention will be
further described 1n the following.

BRIEF DESCRIPTION OF THE

DRAWINGS

The present invention may be embodied 1n various forms
and the details of the preferred embodiments of the present
invention will be described in the subsequent content with
reference to the accompanying drawings. The drawings (not
to scale) show and depict only the preferred embodiments of
the invention and shall not be considered as limitations to the
scope of the present invention. Modifications of the shape of
the present invention shall too be considered to be within the
spirit of the present invention.

FIG. 1 1s a front perspective view of an UV LED curing
apparatus according to one embodiment of the present
invention;

FIG. 2 1s a front perspective view of a preferred embodi-
ment of a light retlective inner casing of the UV LED curing
apparatus in FIG. 1;

FIG. 3 1s an exploded view of the UV LED curing
apparatus of the present invention in FIG. 1;

FIG. 4 1s an exploded view of the UV LED curing
apparatus according to another embodiment of the present
invention;

FIG. 5§ shows an illustrative functional block diagram of
a switch controller of the UV LED curing apparatus accord-
ing to one embodiment of the present invention; and

FIG. 6 shows another illustrative functional block dia-
gram ol a switch controller of the UV LED curing apparatus
according to another embodiment of the present invention.

DESCRIPTION OF EMBODIMENTS OF TH.
INVENTION

T

FIGS. 1 and 3 show an explanatory embodiment of an UV
LED curing apparatus 10 of the present invention, the UV
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LED curing apparatus 10 may provide UV LED light of
desired wavelength(s) to objects applied with an UV hard-
ening gel, 1 particular, such gel applied to the nails of
multiple fingers or toes placed or received within the appa-
ratus, for UV LED light curing to transform a liquid-phase
gel to a solid-phase layer. In one embodiment as shown 1n
the figures, the UV LED curing apparatus 10 comprises a
light retlective inner casing 30 having a light reflective inner
wall 36 enclosing an inner chamber 35 and an outer wall 32;
wherein the inner or curing chamber 335 1ncludes at least one
front opening 37 facing toward a front side of the apparatus
10 and an outer casing 20 detachably attached to the outer
wall 32 of the inner casing 30 via fixation means 28 such as
screws, bolts and magnets. The mner casing 30 may advan-
tageously serve as both a light reflector and a supporting
substrate for an UV LED light source 40; whereas the
detachable outer casing 20 may be provided to advanta-
geously allow greater user interactions for entertainment
purposes 1n addition to being a protective means, as illus-
trated 1n the later content.

The UV LED curing apparatus 10 may further comprise
an UV LED light source 40 comprising at least one UV LED
module 42 aflixed to the mner casing 30 and having a light
emitting side D facing toward the inner chamber 35 thereof.
The UV LED modules 42 may be preferably attached to the
outer wall 32 of the inner casing 30; wherein the inner casing
30 may be further formed of a plurality of apertures 34 to
receive said UV LED modules 42 therein such that the light
emitting side D of the UV LED module 42 may be posi-
tioned corresponding to these apertures 34 and allowing UV
light emitted from the UV LED modules 42 to be directed
toward the iner chamber 35 of the inner casing 30. Fur-
thermore, in one embodiment, the UV LED light source may
be of a short wavelength between 360 nm and 460 nm; in a
preferred embodiment, the UV LED module 42 of the light
source 40 may be pre-selected to be 405 nm. Furthermore,
the UV LED module 42 of the UV LED light source 40 may
turther comprise a collimator 46 attached to the light emat-
ting side D thereof to facilitate the focus and direction of the
UV light emitted therefrom. In a preferred embodiment, the
collimator 46 may be a plano-convex lens having a convex
light output surface to direct UV light entered. The UV LED
module or LED emitter may be a lamp-type LED, SMD-type
LED or can-type LED; preferred examples of UV LEDs
include Nichia UV LED model NSPU510CS, NCSUO33A,
NSHUS591B. It can be understood that other UV LEDs
capable of curing an UV hardening gel such as acrylic gel
may be used. The UV hardening gel may transform from a
liquid-like state to a solid state while being exposed to UV
rays; 1n addition, the UV LED hardening gel may undergo
such phase change of solidification within 30 seconds of
time subject to the UV LED light.

FIG. 2 shows an explanatory embodiment of the inner
casing 30 of the UV LED curing apparatus 10 of the present
invention. In one embodiment, the mner casing 30 may be
prefabricated by a sheet metal to form a structure that 1s cost
ellective and durable to support said UV LED light source
40 attached thereon and to serve as a retlector to reflect UV
light within said inner or curing chamber 35 thereof. A
plurality of apertures 34 may be formed on the outer wall 32
of the imner casing 30 to facilitate the positioning and
attachment of the UV LED modules 42 of the UV LED light
source 40 thereon correspondingly. The size of the aperture
or hole 34 1s preferably configured to be substantially equal
to the ones of the UV LED modules 42, or to the one of the
abovementioned collimator 46 provided thereon, to prevent
undesirable leakage of UV light to other parts of the housing,
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or the environment other than the intended illuminating area
of the inner or curing chamber 35. The inner wall 36 of the
iner casing 30 1s preferably to be of a reflective surface or
property; i one embodiment, the mner wall 36 may be
coated with a reflective layer made from any one of the
following metal alloys: silver, nickel, cobalt, aluminum and
combinations thereof to retlect UV light, that are non-toxic
and responsive to UV light 1n terms of retlection. As shown
in the figure, the front side 31 of the 1nner casing 30 may be
aligned with the front side of the apparatus and may further
include a front opening 37 such that user’s fingers or toes
may be received 1n the mner chamber 35 for the UV LED
light curing on the UV hardening gel applied thereon. The
rear side 39 of the mner casing 30 may be configured to
receive a switch controller 50 including start button and
control buttons as well as circuit board. Furthermore, the
iner casing 30 may be further provided with fixation means
38 such that the abovementioned outer casing 20 may be
attached to the 1inner casing 30 via for example, screws, bolts
and magnets.

According to one embodiment of the present invention,
the inner casing 30 of the apparatus 10 may be formed of a
plurality of surfaces as shown in FIG. 2. The mner wall 36
of the iner casing 30 may comprise a plurality of planes
angled from one another such that the UV light may be
reflected and directed within the mner chamber 35 to pro-
vide a desired illumination. In a preferred embodiment, the
planes may be angled from one another at an angle between
90 degree and 175 degree; in one particular example, the
angle between any two adjacent planes thereof may be 120
degree, such that the UV LED modules 42 of the UV LED
light source 40 having a light emitting side D facing toward
the inner chamber 35 of the mner casing 30 may provide an
uniform illumination 1n the inner chamber 33.

As shown 1n FIG. 3, the outer casing 20 of the apparatus
may be provided as a protective means and a decorative
means detachably attached to the abovementioned inner
casing 20 to allow greater user interactions and for enter-
tainment purposes. In one embodiment, the outer casing 20
may further comprise at least one heat dissipating means 25
disposed between the outer casing 20 and the inner casing 30
for dissipating heat generated by the UV LED light source
40 away therefrom. In a preferred embodiment, the heat
dissipating means 25 may be a rotary fan electrically con-
nected to a switch controller 50 and activated by said first
input signal from a photo interrupt module thereof; further
details 1s to be provided in the later content. The outer casing
20 may be further provided with heat dissipating vents 27 to
tacilitate the air flow therethrough. In one embodiment, the
outer wall 22 of the outer casing may include a flat top to
allow user resting hands or feet thereon, especially, during
the application and curing of the UV hardening gel applied
onto the nails of the fingers or toes. The inner wall 26 may
be further provided with attachment means (not shown) such
as magnets to facilitate the attachment to the inner casing 30.
As mentioned previously, the fixation means 28 may be
provided on the outer casing to facilitate the attachment to
the mnner casing 20 via for example screws, bolts and
magnets. According to one embodiment of the present
invention, the outer casing 20 may further include a bottom
cover 80 having fixation means 88 detachably attached to
the mner casing 30 via for example screws, bolts and
magnets. In another embodiment, the bottom cover 80 may
be detachably attached to the outer casing 20 via the inner
casing 30, in particular via the fixation means 38 of the inner
casing; in a specific example, the fixation means 38 may also
be through holes such that the outer casing 20 may be
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attached to a bottom cover 80 directly. In still another
embodiment, the upper surtace 86 of the bottom cover 80
may too be of a reflective surface or may be further coated
with a reflective material or metal alloys such as silver,
nickel, cobalt, aluminum and combinations thereof to facili-
tate the retlection of the UV light within the inner or curing
chamber 35 of the inner casing 30 or housing.

The UV LED curing apparatus 10 of the present invention
turther comprises a switch controller 50. As shown 1n FIG.
3, in one embodiment, the switch controller 50 may further
comprise at least one button 52, a substrate 54 and a photo
interrupt module 56. The switch controller 50 may be
preferably attached to the inner casing 30 and electrically
connected to the UV LED light source 40. Furthermore, the
substrate 54 of the switch controller may further include a
timer 55 and a current regulator 57 integrated thereon and
clectrically connected to the photo mterrupt module 56. The
buttons 52 may be start button and/or press buttons electri-
cally connected to the substrate 52 and the photo interrupt
module 56 may be photo sensors having an emitter and a
receiver to detect an interrupt signal. In one embodiment,
said buttons 32 and the substrate 52 are preferably arranged
on the rear side of 39 of the mner casing and provided on the
rear side of the apparatus; whereas the photo interrupt
module 56 may be preferably provided adjacent to the front
opening 37 of the inner casing 30. It can be understood that
the photo interrupt module 56 may too be provided on any
location or spot of the mnner wall 36 of the imner casing 30
and pretferably within the inner chamber 35 to detect an
interrupt signal triggered by for example the insertion of
user’s hand or foot into the inner chamber 35 via the front
opening 37 thereof.

FIG. 4 shows another explanatory embodiment of an UV
LED curing apparatus 100 of the present invention. The UV
LED curing apparatus 100 may too be used for curing an UV
hardening gel applied onto for example multiple fingernails
or toenails. In one embodiment, the UV LED curing appa-
ratus 100 comprises a housing including an 1nner casing 130,
an outer casing 120 detachably attached to the mner casing
130, a reflector 160 capable of retlecting UV light and
attached to the inner casing 130, an UV LED light source
140 athixed to the mner casing 130 and a switch controller
150 electrically connected to the UV LED light source 140
and capable of controlling on/ofl states of the UV LED light
source 140 of the apparatus automatically. As the UV
hardening gel 1s being subject to the UV light emitted from
the UV LED light source 140 of the apparatus, particularly

within the mner casing 130 thereof, the UV hardening gel
may be cured and solidified from a liquid phase to a solid
phase such that a decorative and/or protective layer of the
gel may be formed.

According to one embodiment of the present invention,
the inner casing 130 may be of a dome or semi-dome shape
enclosing an inner chamber 135 having a front opening 137
formed on a front side 131 of the housing. The outer wall
132 of the 1nner casing 130 of the housing may be formed
of a plurality of light holes 134 provided for the positioning
and attachment of the UV LED modules of the abovemen-
tioned UV LED light source 140 thercon. The inner wall 136
of the inner casing 130 of the housing may be attached to and
provided with the abovementioned reflector 160 to facilitate
the reflection of the UV light within the mner or curing
chamber 135 thereof. The inner casing 130 may be detach-
ably attached to the outer casing 120 via fixation means 138
including for example, screws, bolts and/or magnets. In
addition, the front opening 137 of the mner chamber 135
may be configured to receive external objects such as user
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hand or foot for UV LED light 1llumination within the inner
chamber 135. The 1inner casing 130 may be of multipurpose
to serve as a supporting structure for the UV LED light
source 140, a heat dissipating means to facilitate the heat
conduction away from the light source 140 during operation
and an UV light enclosure for the reflector 160. It can also
be understood that other shapes of the inner casing 130 and
the 1nner chamber 135 thereol may too be possible.

Likewise, 1n one embodiment, the detachable outer casing,
120 of the UV LED curing apparatus 100 may further
comprise at least one heat dissipating means 1235 such as a
rotary fan. The heat dissipating fan 125 may be electrically
connected to a power supply 170 as shown in FIG. 4 and
may preferably be activated by the abovementioned switch
controller 150 automatically. As the additional heat dissi-
pating fan 125 may be disposed between the outer casing
120 and the mner casing 130, the heat generated by the UV
LED light source 140 during operation may be eflectively
dissipated to the ambient as the air flow through the vents
127, provided on the outer wall 122 of the outer casing 120,
may be enhanced. As mentioned previously, the outer casing
120 of the housing may be attached to the mnner casing 130
of the housing detachably, the outer casing 120 may also
include fixation means 128 positioned 1n correspondence to
the fixation means 138 of the mner casing 130; furthermore,
the mnner wall 126 of the outer casing 120 may too be further
provided with for example magnets (not shown), such that
the outer casing 120 may be detachably attached to the inner
casing 130 of the housing by any one of the fixation means
128, 138 including screws, bolts and magnets. In a preferred
embodiment, the outer casing 120 may too include a flat top
portion to allow user resting his or her hand or foot thereon
during the nail curing process. In another preferred embodi-
ment, the housing or the outer casing 130 may further
include a bottom cover 180 positioned beneath the inner
casing 130 and may too be detachably attached to the inner
casing 130 via fixation means 188 and the ones of the inner
casing 130 and outer casing 130. In another embodiment, the
bottom cover 180 may be configured to be attached to the
outer casing 120 directly via the fixation holes 138 of the
iner casing 130. It too can be understood that other forms
and shapes of the casing are possible.

As shown 1n FIG. 4, the reflector 160 may be attached to
the mner casing 130 to enhance the reflection and 1llumi-
nation of the UV light emitted from the UV LED light source
140 within the inner chamber 135 of the inner casing 130 of
the housing. In one embodiment, the reflector 160 may
comprise a plurality of light reflective planes 162 angled
from one another and a plurality of apertures 164 formed
thereon and the reflector 160 may be preferably attached to
the mner casing 130 and fitted to the mner chamber 135
thereof and the housing. The mnner surface 166 of the
reflector 160 may preferably be a reflective surface capable
of facilitate the reflection of UV LED light and may be made
of or coated with a matenial or metal alloys such as silver,
nickel, cobalt, aluminum and combinations thereof. Like-
wise, 1n one embodiment, the abovementioned bottom cover
180 of the housing may too include a reflective top surface
186 to enhance the reflection of the UV light. Furthermore,
the light reflective planes 162 of the reflector 160 may be
angled from one another at an angle between 90 degree and
175 degree; 1n other words, any two adjacent planes 162
may be angled from each other at an angle between 90 and
175 degree and preferably between 100 and 130 degree.

The UV LED light source 140 may also comprise a
plurality of UV LED modules 142 atlixed to the inner casing
130 and preferably positioned within the plurality of aper-
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tures 164 of the reflector 160. The light emitting side of the
UV LED modules 142 and the UV LED light source 140 1s
preferably arranged to be facing toward the inner chamber
135 of the inner casing 130 and the housing. In one
embodiment, the UV LED modules 142 are scattered and
disposed on the inner casing such that wide angle and
coverage of UV illumination may be achieved within the
inner chamber 135.

To enhance the portability of the UV LED curing appa-
ratus 100 of the present invention, 1n one embodiment, the
UV LED curing apparatus 100 may further comprise a
power supply 170 that may preferably be built in the
apparatus. The power supply 170 may be for example
rechargeable battery electrically connected to the UV LED
light source 140 and the switch controller 150 of the
apparatus. As shown 1n FIG. 4, 1n a preferred embodiment,
the power supply 1n a form of rechargeable battery 170 may
be attached to the inner casing 130 and enclosed by the outer
casing 120. In another embodiment, the power supply 170
may 1include both an electrical plug for direct AC power
connection and DC rechargeable batteries.

The switch controller 150 of the UV LED curing appa-
ratus 100 may comprise at least one button 152, a substrate
154 and a photo interrupt module 156. In one embodiment,
the buttons 152 and the substrate 154 may be arranged to be
on a rear side 139 of the housing opposite to said front side
131 thereof and electrically connected to the UV LED light
source 140; whereas the photo interrupt module 156 may be
disposed adjacent to the front opening 137 of the inner
chamber 135 of the housing. The substrate 154 may pret-
erably include a timer 155, a current regulator 157 integrated
thereon to control of an on-off state of the UV LED light
source 140 electrically connected thereto. According to a
preferred embodiment of the present invention, the photo
interrupt module 156 of the switch controller 150 may
include at least one sensor emitter having an active side
facing toward the front opeming 137 of the mner chamber
137 of the inner casing 1335 and the housing such that the
photo mterrupt module 156 may be triggered with reference
to an interrupt signal from the at least one sensor emitter.
With reference to FIG. 4, the sensor emitter and/or receiver
of the photo interrupt module 156 1s attached to the inner
casing 130 and positioned at the lateral sides of the front
opening 137 thereof for detection of interrupt signal; nev-
ertheless, 1t can be understood that the photo interrupt
module 156, possibly including more than one sensors, may
too be provided on any location or spot of the mner chamber
135 of the inner casing 130 to detect an interrupt signal
triggered by for example the mnsertion of user’s hand or foot
into the iner chamber 135 via the front opening 137 thereof.

During the curing operation, user may place his or her
hand or foot in the mmner chamber of the UV LED curing
apparatus of the present invention such that the UV hard-
eming gel, such as acrylic type UV gel, applied onto multiple
nails may be cured and solidified. As the apparatus 1s
clectrically connected to the power supply and at an iitial
on-state, the photo interrupt of the switch controller 1s also
preferably activated and stayed on at an “active mode”
continuous for a certain period of listening time preset by the
abovementioned timer and current regulator of the switch
controller, waiting to receive an interrupt signal or first input
signal to be sent and triggered by the external user’s action
of insertion into the mner chamber of the apparatus. The
fallure to receiving any interrupt signal from the photo
interrupt module triggered by the user during such preset
pertod of listening time 1n the active mode, the switch
controller may set the apparatus to be at an inactive state or
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“standby mode” that may only be re-activated by a start
signal received from a start button. Once the user hand or
foot 1s 1nserted 1nto the apparatus and the interrupt or {first
input signal 1s triggered or sent from the photo interrupt, the
switch controller then sets the apparatus to be at a “curing
mode” and simultaneously, the UV LED light source 1s
being activated to an on-state by the switch controller to
shine UV light within the mner chamber.

According to one preferred embodiment of the present
invention, the timer and the current regulator of the switch
controller also include a preset period of curing time such
that the UV LED light source may be controlled and turned
to an ofl-state automatically with reference to such preset of
curing time as a time-up signal or second input signal 1s sent
by the timer and the current regulator of the switch controller
to off the UV LED light source, ensuring an eflicient and
safe curing of the apparatus. Once the curing time lapses and
the time-up signal 1s recerved, the switch controller sets the
apparatus to turn to the abovementioned active mode again
waiting for another interrupt signal to be triggered and sent
by the photo mterrupt module. In other words, the switch
controller provides an automatic control of the UV LED
curing apparatus of the present invention such that the
apparatus may be activated automatically following user’s
insertion of hand or toe applied with an UV hardening gel on
the nails thereof into the curing chamber or inner chamber
and the UV light from the UV LED light source may be
turned ofl automatically once the preset curing time lapses.

Accordingly, FIG. 5 shows an explanatory functional
flowchart of a switch controller of the UV LED curing
apparatus according to one embodiment of the present
invention. As recited above, the UV LED curing apparatus
of the present invention may preferably be set to three modes
of operation: standby mode, active mode and curing mode.
In general, each mode of operation may be distinct from one
another depending upon the status from switch controller to
the UV LED light source and the photo interrupt module in
particular. As the apparatus 1s at the standby mode, the photo
interrupt module of the switch controller and the UV LED
light source are both at ofi-state. Once the abovementioned
start signal 1s sent to the switch controller triggered by such
as the start button, the apparatus 1s switched to the active
mode 1n which the photo mterrupt module 1s at on-state but
the UV LED light source remains at off-state. If the photo
interrupt fails to detect any interrupt or no interrupt signal
(first mput signal) 1s being sent to the switch controller
within the abovementioned preset period of listening time,
the apparatus 1s once again returned to the standby mode. In
a preferred embodiment, the period of listening time may be
preferably set to be any period between 5 to 60 minutes, such
as 30 minutes, for power saving and efliciency purposes; any
other preset time may too be possible. As the photo interrupt
module detects an interrupt, the interrupt signal 1s sent to the
switch controller switching the apparatus to the curing mode
in which the photo interrupt module of the switch controller
1s turned off and the UV LED light source 1s switched to an
on-state for shining UV light into the curing or inner
chamber of the housing. As shown 1n the figure, the period
of curing time may be preset 1n the timer of the switch
controller such that once the curing time lapses, the above-
mentioned time-up signal (second input signal) 1s sent to the
switch controller to switching the apparatus back to the
active mode again for the photo interrupt to listen to another
interrupt. In a preferred embodiment, the curing time of a
clock circuitry present in the timer of the switch controller
may be preset to be any length of time greater than 5
seconds, preferably 30 seconds. In short, the switch control-
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ler may control an on-off state of the UV LED light source
from and

with reference to said first mnput signal received
triggered by said photo interrupt module to turn on the UV
LED light source and with reference to said second input
signal received from the timer and the current regulator to
turn off the UV LED light source.

A more advanced automatic switch controller may too be
turther integrated 1nto the apparatus of the present invention.
FIG. 6 shows another explanatory logical chart of a switch
controller of the UV LED curing apparatus ol the present
invention. Prior to the entering of the abovementioned
standby mode 1n which the apparatus 1s powered and ready
to be activated for UV light curing, the apparatus may
turther include a “self-testing” mode such that the compo-
nents of the apparatus and the electrical connections ther-
cbetween may be tested prior to the start mode. As power 1s
supplied to the apparatus, the user may first be prompted to
enter a desired curing time such as any length of curing time
preferably between 5 and 30 seconds. Such curing time 1s
preset mto the timer and current regulator of the switch
controller and may be used as a reference to the abovemen-
tioned second input signal or time-up signal by the apparatus
as the preset curing time lapses durmg the curmg mode of
the apparatus. Once the desired curing time 1s inputted by
the user, the apparatus may then enter into a seli-testing
mode 1n such the switch controller performs a test on the
apparatus checking all electrical connections between all
components including for example, the UV LED light
source and photo interrupt module. As no error or error
signals may be detected or bounced back, the switch con-
troller may then allow and set the apparatus to be at the
abovementioned standby mode. In a preferred embodiment,
the feature of seli-testing may be achieved by the use of
microprocessor and firmware; in another embodiment, it
may be achieved by the use of electronic components such
as resistors and capacitors and preferably without the use of
MmICroprocessor.

Furthermore, 1n a preferred embodiment of the present
invention, the switch controller may further comprise a
pulse-width modulation/PWM electrically connected to the
power supply to increment the amount of electrical power
between fully on and fully ofl. In other words, an advanced
PWM may be further provided to allow the UV curing
apparatus of the present invention to be turned on at the peak
value of power 1nput or of an adjustable UV lighting.

As the UV LED curing apparatus of the present invention
1s capable of providing an eflective and safe curing of UV
LED lighting on an UV hardening gel with automatic switch
controls while having an improved mechanical structure or
housing, 1t can be understood that the utilization of the UV
curing apparatus with or without any UV hardening gel 1n
the application of the nails of human hands and feet shall too
be within the scope of the present mnvention. Examples of
UV hardening gel, such as an acrylic type gel, including
urethane-methacrylate and epoxy-methacrylate from manu-

facturers such as Keystone®, BIO®, CNC®, and COS-
MEX®. The introduction of an UV LED kit including the
UV curing apparatus of the present invention and any UV
hardening gel shall too be considered to be within the scope
of the present invention.

While the present mnvention 1s disclosed 1n reference to
the preferred embodiments or examples above, 1t 1s to be
understood that these embodiments or examples are
intended for illustrative purposes, which shall not be treated
as limitations to the present invention. It 1s contemplated that
modifications and combinations will readily occur to those
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skilled 1n the art, which modifications and combinations will
be within the spirit of the invention and the scope of the
following claims.

What 15 claimed 1s:

1. A UV LED curing apparatus, comprising:

an mner casing having a light reflective mnner surface
defining an inner chamber, wherein the light reflective
inner surface 1s formed by a plurality of planes;
an outer casing detachably attached to an outer surface

of the inner casing; the outer casing and the inner
casing defining a space suitable for recerving an
ultraviolet (UV) light emitting diode (LED) light
source, the UV LED light source includes a plurality
of LED modules;
a switch controller electrically connected to the UV
LED light source, the switch controller controlling
an on-ofl state of the UV LED light source; and

a detachable bottom cover attached to the mner casing

and having a second light reflective inner surface,
wherein each of the plurality of LED modules are
arranged within the inner chamber and with at least one
LED module of the plurality of LED modules arranged
on two or more planes of the plurality of planes of the
iner casing, wherein the mner chamber together with
the bottom cover form a domed or semi-domed curing
chamber when the bottom cover 1s attached and the UV
LED light source 1s 1n an on state, and wherein each of
the plurality of LED modules are oriented towards the
bottom cover when the bottom cover 1s attached to the
iner casing and providing an angle of 1llumination
covering an entire zone of the curing chamber.

2. The UV LED curing apparatus of claim 1, wherein the
light reflective mner surface of the inner casing reflects UV
light emitted from the UV LED light source within the inner
chamber thereof.

3. The UV LED curing apparatus of claim 1, wherein the
second light reflective inner surface of the bottom cover and
the light reflective inner surface of the inner casing retflect
UV light emitted from the UV LED light source within the
inner chamber thereof.

4. The UV LED curing apparatus of claim 1, wherein the
inner chamber includes at least one front opening.

5. The UV LED curing apparatus of claim 1, wherein the
switch controller includes a photo interrupt module, the
photo 1nterrupt module operable to transmit a signal to
transition the UV LED light source to the on state.

6. The UV LED curing apparatus of claim 5, wherein the
switch conftroller includes a substrate and the substrate
having a timer and a current regulator, the timer and current
regulator operable to transmit a signal to transition the UV
LED light source to the off state.

7. The UV LED curing apparatus of claim 1, wherein the
switch controller further includes at least one button

8. The UV LED curing apparatus of claim 1, wherein the
plurality of planes are angled from one another at an angle
between about 90.1 degrees and about 175 degrees.

9. The UV LED curning apparatus of claim 1, wherein the
UV LED light source 1s of a short wavelength between 360
nanometers (nm) and 460 nm.

10. A UV LED curing apparatus, comprising:

a housing comprising an inner casing defining an inner
chamber, and an outer casing detachably attached to the
inner casing; wherein the outer casing and the inner
casing collectively define a space suitable for receiving
a ultraviolet (UV) light emitting diode (LED) light
source, the UV LED light source includes a plurality of
LED modules;
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a reflector comprising a plurality of planes angled from
one another, the reflector coupled with the inner casing;

a switch controller electrically connected to the UV LED
light source, the switch controller controlling an on-oif
state of the UV LED light source;

a power supply electrically connected to the UV LED
light source and switch controller; and

a detachable bottom cover attached to the inner casing and
having a light reflective inner surface,

wherein the 1mner casing together with the bottom cover
form a domed or semi-domed curing chamber for
receiving UV light from the UV LED light source when
the bottom cover 1s attached and the UV LED light
source 1S 1n an on state,

wherein each of the plurality of LED modules are
arranged within the inner chamber and with at least one

LED module arranged on two or more planes of the

plurality of planes of the inner casing and wherein each
of the plurality of LED modules are oriented towards
the bottom cover when the bottom cover 1s attached to
the inner casing and providing an angle of 1llumination
covering an entire zone of the curing chamber.

11. The UV LED curing apparatus of claim 10, wherein
the reflector 1s a reflective coating formed on the inner
casing.

12. The UV LED curing apparatus of claim 11, wherein
the reflective coating 1s one of a silver, nickel, cobalt, or
aluminum.

13. The UV LED curing apparatus of claim 10, wherein
the light reflective mnner surface of the bottom cover i1s
formed of one of a silver, nickel, cobalt, or aluminum.

14. The UV LED curing apparatus of claim 10, wherein
the power supply 1s one of alternating current (AC), direct
current (DC), or battery power.

15. The UV LED curing apparatus of claim 10, wherein
the power supply includes AC and battery power.

16. The UV LED curing apparatus of claim 10, wherein
the switch controller includes a photo 1nterrupt module, the
photo iterrupt module operable to transmit a signal to
transition the UV LED light source to the on state.

17. The UV LED curing apparatus of claim 16, wherein
the switch controller includes a substrate and the substrate
having a timer and a current regulator, the timer and current
regulator operable to transmit a signal to transition the UV
LED light source to the off state.

18. The UV LED curing apparatus of claim 10, wherein
the switch controller further includes at least one button.

19. The UV LED curing apparatus of claim 10, wherein
the plurality of planes are angled from one another at an
angle between about 90.1 degrees and about 175 degrees.

20. A UV LED curing apparatus, comprising:

an mmner casing having a light reflective mner surface

defining an mner chamber, the mner casing includes a
plurality of planes;

an outer casing detachably attached to an outer surface of

the 1nner casing; the outer casing and the 1mnner casing
defining a space suitable for receiving an ultraviolet
(UV) light emitting diode (LED) light source, wherein
the UV LED light source includes a plurality of LED
modules, each of the plurality of LED modules are
arranged within the inner chamber and with at least one

LED module arranged on two or more planes of the
plurality of planes of the mner casing;

a switch controller electrically connected to the UV LED
light source, the switch controller including a timer
controlling an on-off state of the UV LED light source;
and
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a detachable bottom cover attached to the inner casing and
having a second light reflective inner surface wherein
the inner chamber together with the bottom cover form
a domed or semi-domed curing chamber when the
bottom cover 1s attached and the UV LED light source
1s 1n an on state, and wherein each of the plurality of
LED modules are oriented towards the bottom cover
when the bottom cover 1s attached to the inner casing
and providing an angle of illumination covering an
entire zone of the curing chamber.

21. The UV LED curing apparatus of claim 20, wherein
the switch controller includes a substrate and the substrate
includes the timer and a current regulator, the timer and
current regulator operable to transmit a signal to transition
the UV LED light source between the on-off state.

22. The UV LED curing apparatus of claim 20, wherein
the switch controller includes a substrate and the substrate

having a timer and a current regulator, the timer and current

regulator operable to transmit a signal to transition the UV
LED light source to the off state.

23. The UV LED curing apparatus of claim 20, wherein
the switch controller includes at least one button, the at least
one button corresponding to a predetermined length of time
and actuation of the button setting the time to the predeter-
mined length of time.

24. The UV LED curing apparatus of claim 23, wherein
the predetermined length of time 1s at least 30 seconds.

25. AUV LED curing apparatus, comprising:

an mner casing having a light reflective mmner surface

defining an inner chamber, the inner chamber having at
least one front opening, the inner casing includes a
plurality of planes;

an outer casing detachably attached to an outer surface of

the mner casing; the outer casing and the mner casing
defining a space suitable for receiving an ultraviolet
(UV) light emitting diode (LED) light source, wherein
the UV LED light source includes a plurality of LED
modules, each of the plurality of LED modules are
arranged within the inner chamber and with at least one

LED module arranged on two or more planes of the

plurality of planes;

a switch controller electrically connected to the UV LED

light source, the switch controller including a photo

interrupt module controlling an on-off state of the UV

LED light source; and

a detachable bottom cover attached to the inner casing and

having a second light reflective inner surface wherein
the inner chamber together with the bottom cover form
a domed or semi-domed curing chamber when the
bottom cover 1s attached and the UV LED light source
1s 1n an on state, and wherein each of the plurality of
LED modules are oriented towards the bottom cover
when the bottom cover 1s attached to the inner casmg
and providing an angle of illumination covering an
entire zone of the curing chamber.

26. The UV LED curing apparatus of claim 25, wherein
the photo interrupt module transitions the UV LED light
source to the on state upon receiving an object into the inner
chamber through the front opening.

27. The UV LED curing apparatus of claim 26, wherein
the photo interrupt module transitions the UV LED light
source to the ofl state upon removal of the object from the
inner chamber.

28. The UV LED curing apparatus of claim 235, wherein
the switch controller includes a substrate and the substrate
includes a timer and a current regulator, the timer and
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current regulator operable to transmit a signal to transition
the UV LED light source between the on-off state.

29. The UV LED curing apparatus of claim 28, wherein
the photo interrupt module transitions the UV LED light
source to the on state upon receiving an object into the inner 5
chamber through the front opening and switch controller sets
the timer for a predetermined length of time.
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